The challenges of reaching rural areas with the latest digital technologies are well documented, resulting in a longstanding urban-rural digital divide in many countries. In 2016, Scotland embarked on one of the most ambitious infrastructure projects in Europe when it committed to bringing superfast broadband to all of its citizens by 2021. In this paper, we take stock of recent progress towards this goal by applying the framework of the "Sparsely Populated Area". While previous work has highlighted that Scotland's digital divide is shrinking, application of this new framework reveals inequalities that traditional urban-rural classifications mask. We show that, while the number of digital "not spots" has fallen in recent years, many of those remaining are concentrated in a region that faces particular vulnerabilities in terms of service delivery and population decline. Digital inequalities introduce a further challenge to this region in addressing its potential as a viable and attractive place to live and work.
Introduction
Like many European nations, Scotland faces an ongoing challenge to provide access for all of its homes and businesses to state-of-the-art digital technology. From the rollout of the first digital subscriber lines in 2000 to the first superfast fibre in 2008, the nation's broadband network has spread quickly to encompass 95% of premises (Ofcom, 2018b) . However, market forces alone have not been strong enough to supply the same technology to the remaining population, much of which is dispersed across remote, mountainous and island areas.
This has resulted in a longstanding and well-documented urban-rural digital divide in Scotland (Philip et al., 2015; Skerratt et al., 2010) . While broadband technology has become increasingly ubiquitous in urban centres, enabling new ways of living, learning, working and playing, the technology has been slow to roll out to rural areas, despite growing recognition of the potential benefits to geographically dispersed and remote communities (Wilson et al., 2018) . Recognised advantages to people living in such areas include: the potential to overcome aspects of their geographical remoteness by accessing key services, such as education and healthcare, online; the possibility for remote working for companies based in urban centres, particularly where there is a shortage of employment opportunities locally; the ability for rural businesses to advertise and sell to markets elsewhere in the country and internationally; and the opportunity to make and maintain social connections with family and friends located elsewhere. In this sense, high speed broadband can be seen as an infrastructural technology, which, when in place, can enable access to many benefits.
Over the past twenty years, a range of government policies has attempted to address this issue, culminating in 2016 when the Scottish Government announced its ambition to reach 100% of premises with superfast broadband by the end of 2021 (Scottish Government, 2017a) . Under the "Reaching 100%" (R100) Programme, the Scottish Government is procuring additional infrastructure in areas where superfast speeds of greater than 30 Mbps are not currently available, in order to achieve its commitment to "Realising Scotland's full potential in a digital world: A Digital Strategy for Scotland" (Scottish Government, 2017b).
We begin this paper by summarising theoretical understandings of the digital divide in the context of digital disadvantage and exclusion (section 2). Next, we outline how the Scottish Government has tried to address the divide over the years, with varying success, through an evolving series of policies (section 3). In section 4, we examine the progression of superfast fibre across Scotland between 2015 and 2018, using the framework of the "Sparsely Populated Area" (SPA) to analyse findings (Copus and Hopkins, 2018) . Section 5 reflects on what this progress means for residents, businesses and the future prosperity of the SPA, drawing on interviews with stakeholders and community representatives. In section 6 we discuss 565/671 the broader implications of our findings and section 7 draws out transferable lessons for other European countries facing similar challenges.
In this paper, we examine progress to date and show that the digital divide is changing shape but that there is now a concentration of digital "not spots" in some of the country's most vulnerable regions. This has particular implications for the capacity of these areas to address concerns around depopulation and delivery of services and to harness the potential for digital connectivity to overcome many longstanding disadvantages of living "on the edge".
The urban-rural digital divide
At a purely technological level, differences in digital connectivity influence the volume of data that can be downloaded and consumed, with data consumption rising as broadband speeds have increased (Ofcom, 2012, p. 1) . But they also have consequences that go far beyond the ability to download large files. In Castells' understanding of the "network society", the North-South social and political demarcations that once split the globe have been redrawn by states of inclusion in and exclusion from digital networks. For communities that are not connected, this has implications for their capacity to harness economic prosperity, knowledge and power: "In a global economy, and in a network society where most things that matter are dependent on these Internet-based networks, to be switched off is to be sentenced to marginality" (Castells, 2001a, p. 277) .
Others have described the digital divide variously as a hierarchy (Selwyn, 2004 ) and a rainbow (Clement and Shade, 2000) , emphasising that the divide is not so much dichotomous but rather is characterised by varying degrees of connectivity and therefore of inclusion and exclusion. Van Dijk envisages a continuum rather than a cleavage with the "information elite" at one end and at the other end the "digitally illiterate or truly excluded", with the majority of the population falling in the middle of the spectrum with some form of access and varying degrees of use (van Dijk, 2005, p. 13). The result is that inequalities are relative rather than absolute, a question of having more or less access than others in the network and the differentiated access to resources that this brings with it.
Moreover, because digital technology is embedded in everyday life, exclusion in the network society is multi-dimensional and can occur across political, economic, cultural and social spheres. As van Dijk puts it, the inequalities become "structural":
Structural inequality appears when, on the one hand, an "information elite" strengthens its position, while, on the other hand, those groups already living on the margins of society become excluded from communications in society because these are practiced in media they do not possess or control. The differences become structural when the positions people occupy in networks and other media determine whether they have any influence on decisions made in several fields of society. (van Dijk, 2005, p. 17) .
In this view, those with no or inferior access will become second or third-class citizens, or "no citizens at all" (van Dijk, 2005, p. 17).
While the urban-rural divide in Scotland is no longer absolute in terms of access to digital infrastructure, differences in connection speed and mobile connectivity persist, with people living in the country's rural areas generally having slower access to digital infrastructure than people living in towns and cities in the rest of the country and indeed in many cities in the rest of the developed world (Philip et al., 2015) . Although digital infrastructure has improved across the country as a whole, improvements in rural connectivity have always been outpaced by further enhancements in urban connectivity, and the prevailing pattern has remained one in which rural residents have persistently inferior access. In the language of van Dijk (2005), this affects the ability of rural residents, businesses and communities to participate fully in the network society, with patchier and slower access meaning that they stay on the edge of the network that is the economic and social fabric of contemporary society. Warren (2007) talks about the danger of this becoming a "digital vicious cycle", with digital exclusion reinforcing social disadvantage such that the rural minority, on the wrong side of the digital divide, becomes progressively disadvantaged as citizens elsewhere enjoy increasing 566/671 advantages associated with digital economic and social transactions: "As governments, agencies, corporations and individuals increasingly rely on electronic means for the transmission and storage of information, the advantages of access to the Internet increase" (ibid., p. 376).
Recent research in the UK has focused on exactly what digital disadvantage means for rural communities. Philip et al. (2015) identify an urban "digital fast lane" and a rural "digital slow lane" and note that the ADSL connections provided to many rural premises cannot support the kind of always-on, next-generation Internet use described by Dutton and Blank (2011) , in which members of the same household use different digital devices for different tasks simultaneously, a behaviour that is becoming the norm in cities. Philip et al. (2015) posit that, as the general public's expectations of digital engagement rise, this could negatively affect inward migration to rural areas, as people become reluctant to lose capabilities and habits that have become embedded in their everyday lives. Rather than digital connectivity overcoming problems associated with geographical remoteness (Cairncross, 1997) , redrawing the world map in favour of rural regions, the distribution of technological infrastructure reflects and reinforces the patterns of urbanisation already in place. As such, rural regions are arguably being marginalised in the same digitally networked social structure that was promised to overcome their geographic peripherality. It is important that such areas have access to high speed broadband so that longstanding inequalities are addressed and new, digital inequalities, do not become entrenched, effectively improving the potential of the country's geographically peripheral regions as places to live and work.
Digital policies in Scotland
Policymakers have traditionally put great emphasis on these positive outcomes for rural residents and communities. Throughout Europe, digital connectivity has been seen as a solution to deepening rural decline: "[The utopian discourse] was very attractive to rural policy-makers at all levels who were grappling with the problems of rural regions representing something of a panacea" (Talbot and Gillespie, 2008, p. 156) . In Scotland, the rollout of digital technology has been a key consideration for the Scottish Government for the past twenty years, with coverage of rural areas a concern from the outset. The government has recognised both that digital technology has the potential to address the challenges of providing public services to sparsely populated regions and to encourage new forms of economic development, and that market forces alone would be insufficient to supply the latest technology to the hardest to reach places.
The rollout of digital technology has been a key consideration for the Scottish Government for the past twenty years, with coverage of rural areas a concern from the outset. In 2001, the then Scottish Executive launched an early example of digital policy in the form of "Connecting Scotland: Our Broadband Future" (Scottish Executive, 2001 ). This aimed to make "always on" connectivity more affordable and pervasive, and recognised that market forces alone may not provide the infrastructure needed to make this happen. The strategy advocated an approach of "aggregated procurement" to improve the telecommunications infrastructure across the public sector, including upgraded broadband capacity for schools, hospitals, libraries and council offices, which, it was thought, would generate demand and make further investment in rural areas more attractive for the private sector. The approach was implemented through a £90 million investment in two "Pathfinder" projectsone in the Highlands and Islands and one in the south of Scotlandto make infrastructure improvements across the public sector with the intention that rural homes, businesses and communities would also benefit by making use of the same technological backbone. A subsequent review of Pathfinder found that, while 567/671 the aggregated approach had been successful in reaching widely across the public sector in Scotland with a reliable service and high connection speeds, the wider benefits to rural homes and businesses had not been felt and would require greater emphasis in future programmes (Scottish Government, 2011).
In the mid-2000s, as ADSL broadband became ubiquitous in many urban areas, so the scale and implications of the urban-rural digital divide became more apparent (Scottish Executive, 2006) . In 2005, under the Scottish Executive's "Broadband for Scotland's Rural and Remote Areas" initiative, BT enabled exchanges in twenty local authority areas to deliver ADSL broadband to households and businesses that would not otherwise have received the service. At the launch of the initiative, the Enterprise Minister recognised the importance of digital technology to rural life: "We cannot allow remote and rural communities to fall behind simply because they cannot access this vital technology that can make a positive difference to many aspects of our lives" (Broadband for Scotland, 2005). To supplement the upgrading of exchanges, Avanti Communications won a £3.3 million contract to deliver affordable broadband, via satellite and WiFi, to homes and businesses that could not otherwise access it, eventually supplying solutions to almost 4,000 premises in Scotland and leading to a substantial increase in access and use.
By 2010, basic broadband coverage in Scotland had reached 99.6%, outstripping most of Europe (Skerratt et al., 2010) . However, while households in rural Scotland were more likely to have Internet access at home, they were less likely to have high speed connections, with the remotest areas experiencing the poorest speeds (ibid.). With cities enjoying substantially faster broadband speeds than rural villages, the 2010 Rural Scotland In Focus report suggested that a new digital divide was opening up, based on speed, with implications for the capabilities of individuals, communities and businesses in rural areas (ibid.). In the same year, Reform Scotland recommended that the Scottish Government take account of Scotland's extensive rural landscape in its digital strategy (Reform Scotland, 2010), while the Royal Society of Edinburgh called for nationwide access to broadband speeds of at least 16Mb/s by 2015, and the development of a fibre infrastructure that will reach all of Scotland's communities (Royal Society of Edinburgh, 2010). The Scottish Government addressed these recommendations in its "Digital Ambition" for next generation broadband to be available to all by 2020, with significant progress by 2015 (Scottish Government, 2010). In its report, the government acknowledged that "rural areas will suffer if left to the market alone" and that "many people who could benefit most from digital technology are least able to access and use it", citing the benefits and challenges of submitting applications for agricultural subsidies online as an example of how the potential for digital technology is not being fully realised for rural communities (ibid.). To supplement the UK Government's rural market testing project in the Highlands and Islands, the Scottish Government also announced that it would make available €1 million of European funding under the LEADER programme for small-scale projects in rural communities to improve coverage and speeds. The ambition was taken forward in the Government's strategy for "Scotland's Digital Future" (Scottish Government, 2011), which set out the way forward for digital service delivery, digital economy, digital participation and digital connectivity, and led to the establishment of a ministerial sub-committee to take responsibility for implementing the strategy and project boards to focus on broadband infrastructure and digital uptake.
In 2014, the Scottish Government and BT agreed a public-private partnership, with contracts reaching £442 million, to roll out fibre broadband to areas that would not have been covered by commercial rollout alone, bringing coverage across Scotland to 95% by 31 December 2017, with targets also stipulated for all local authority areas. During the same period, Highlands and Islands Enterprise administered the Community Broadband Scotland scheme across the whole of Scotland, aimed at the most hard-to-reach communities in remote and rural Scotland, to support community-led solutions through funding and advice, although this was found to be less successful than anticipated, with just 13 projects of the 63 funded successfully providing superfast speeds to 1,936 premises (Audit Scotland, 2018).
In May 2016, the Scottish Government announced that it would push its ambition beyond the scope of the Digital Scotland Superfast Broadband Scheme through a £600 million investment in the "Reaching 100%" (R100) programme. This aims to bring superfast broadband 568/671 (speeds greater than 30Mbps) to every home and business in Scotland by the end of December 2021, at an estimated average cost of £4,000 for each of the 147,000 premises it expects to cover. In its review of progress, Audit Scotland notes that further investment may be needed to reach all premises and that delivering on the R100 ambition by December 2021 will be difficult (Audit Scotland, 2018). The Scottish Government is looking at options such as using mobile, wireless and satellite technologies to reach the "final few", but Audit Scotland warns that these solutions can be more expensive for consumers, less reliable than fibre, and may not provide "future proofing" as technology and connectivity continue to evolve.
Scotland's changing digital landscape
To determine progress so far towards the Scottish Government's R100 ambition, we applied a definition of Scotland's "Sparsely Populated Area" (SPA) to an analysis of superfast broadband data. This allows us to understand the effects not just of rurality but also of sparsity on the rollout of the technology, providing a unique view of Scotland's changing digital divide.
This was achieved in two steps. First, we drew on Ofcom data regarding the percentage of postcodes in Scotland able to access superfast broadband between 2015 and 2018 (Ofcom, 2015; Ofcom, 2016; Ofcom, 2017; Ofcom, 2018a) ; Appendix 1 contains further information on these data sources, which are available as OpenData. By mapping postcodes to "data zones" (small areas often used in Scotland's official statistics), we developed an indicator to represent the extent of full superfast coverage, i.e. the percentage of postcodes in each data zone where all premises had superfast broadband available. They show a clear nationwide increase in superfast coverage, with the number of "not spot" data zones falling from 654 in 2015 to 52 in 2018, and the number of data zones with full superfast coverage rising from 21.9% in 2015 to 54.2% in 2018. Notably, the total area covered by these 54.2% of data zones (dark green shading) is very small, due to the high population density in these areas. On the other hand, areas of lower coverage in 2018 still cover a considerable chunk of Scotland, due to the large geographical mass of these units in rural areas with a low population density. 
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Second, we classified data zones by combining two geographical typologies:
1. The Scottish Government Urban Rural Classification, which provides a standard definition of rural areas in Scotland (Scottish Government, 2014); and 2. For greater focus on the effects of sparsity, Copus and Hopkins (2017) definition of Scotland's "Sparsely Populated Area" (SPA). This builds on earlier work in Sweden (Gløersen et al., 2006) and measures a combination of population density, dispersion of settlements and travel distance to other people and, as such, arguably better reflects the challenges faced by less populated parts of Scotland than simple measures of density, rurality or remoteness alone (Copus and Hopkins, 2017) . Specifically, Scotland's SPA is defined as locations in rural areas and small towns from which it is not possible to access 10,000 people (equivalent to an urban area) within 30 minutes' travel (Copus and Hopkins, 2017) .
The combined classification comprised six categories:  Large Urban Areas (settlements with a population of at least 125,000 people)  Other Urban Areas (settlements with a population of 10,000 to 124,999)  Small Town not in SPA (settlements of 3,000 to 9,999 people and from which it is possible to access 10,000 people within 30 minutes' travel)  Small Town in SPA (settlements of 3,000 to 9,999 people and from which it is not possible to access 10,000 people within 30 minutes' travel)  Rural not in SPA (settlements with a population below 3,000 and from which it is possible to access 10,000 people within 30 minutes' travel)  Rural SPA (settlements with a population below 3,000 and from which it is not possible to access 10,000 people within 30 minutes' travel)
This classification was applied to data zones that had no superfast coverage in 2015 ("not spots") and we calculated the average change in extent of full superfast coverage by 2018. Findings are presented in Table 1 . Of the 2015 not spots, those in urban areas and small towns typically showed a considerable increase in coverage, with rural areas experiencing a smaller average increase. Within rural areas, not spots in the SPA had a smaller increase (Mdn: 34.67pp) than those than those outwith the SPA (Mdn: 61.41pp); this difference was found to be significant (W = 20,105, p < 0.001, r = -0.23). However, there was no significant difference between small town data zones inside and outside the SPA (W = 882.5, p = 0.651). In short, the geography of Scotland's digital divide has changed dramatically over the four-year analysis period, with not-spot areas shrinking considerably. Coverage has improved across all geographical classifications, but significantly less so in the rural SPA. Small towns in the SPA have, however, improved with small towns elsewhere. In other words, many of the most demographically and economically fragile parts of the country, which could benefit the most from superfast broadband, are not yet within reach of the new digital infrastructure.
Experiences of change in the Sparsely Populated Area
Arguably, the pattern of superfast rollout we have identified above, from the most populated areas to small towns and accessible rural areas, and finally to the hardest to reach, is to be expected; moreover, progress is ongoing with the aim of covering all areas by the end of 2021. However, the implications of the changing shape of Scotland's digital divide should not be understated. First, it is not clear how or when the most challenging parts of the SPA will be connected and whether the technology will be as fast, as robust or as future-proofed as that available elsewhere (Audit Scotland, 2018). Second, as we discovered in interviews with stakeholders and community representatives from across the SPA, the effects of these changes in digital connectivity are felt keenly by residents and businesses, permeate to other areas of everyday life and work and can last long after the technology arrives.
Sixteen people participated in the interviews, which we conducted face-to-face and by telephone in late 2017 and early 2018. Interviews focused on the challenges of delivering services to the SPA and discussions ranged widely across a diverse set of services, from education and healthcare to transport and care homes, but broadband coverage was often raised as a current concern and a particular issue for the future prosperity of the area.
Positively, some participants observed that the fibre network had recently expanded in their region, or anticipated it doing so in the near future. Under the Digital Scotland Superfast Broadband (DSSB) programme, 400km of subsea cables were laid between the mainland and islands, and between islands; this marine network under the Atlantic Ocean was completed in 2014, with island premises starting to benefit from fibre connectivity from the spring of 2015 (HIE, 2014). In mainland Scotland, the DSSB programme saw an additional 600,000 premises connected to superfast by the end of 2017. Stakeholders and community leaders from the Highlands and Islands region, in particular, commented that they could see the benefits of this investment and that many more premises had access to superfast broadband than would have been the case had there not been intervention through Highlands and Islands Enterprise and the Scottish Government. This was opening up new possibilities for individuals, businesses and communities and some "green shoots" of repopulation were mentioned by some community representatives, attributed directly to these developments.
However, reflecting the findings of our analysis of broadband data, the community representatives and some of the stakeholders we spoke to expressed concern that the rollout of superfast had been uneven, with some areasusually in the SPAremaining without adequate connections to date. While the DSSB scheme significantly extended the fibre backbone across the country to cover many more rural areas than it did before, the rollout of the "spider's web" of local access networks from the edges of the main network to exchanges and cabinets has often been implemented from the centre out, meaning that those places most distant from the backbone were connected last. Furthermore, there remains some uncertainty over exactly how and when premises and communities that are not within reach of fibre broadband will be connected. Community initiatives, many of which had funding from Community Broadband Scotland, were seen to require a great deal of volunteer time and effort, which some communities do not have at their disposal, as well as ongoing attention to maintain and upgrade the technology. In some places, the effort to implement a community broadband scheme had failed, and plans for local exchanges to be upgraded had also fallen through, resulting in communities feeling "worn down" and defeated. As we know from the foregoing analysis of superfast broadband data, the collective result of DSSB and community efforts is a reconfigured digital divide, in which many more rural communities now have access to superfast connectivity, but the most peripheral and sparsely populated areas remain superfast "not spots" (refer Fig 2) .
The redrawn digital divide is being experienced as new divisions within and between islands, villages and townships, in which superfast connectivity has made some rural communities part of the global networked society, able to enjoy the same digital advantages as urban centres of Scotland, Europe and the developed world, while neighbouring communities remain excluded. While the number of communities without superfast broadband has shrunk, arguably the effects of the divide have grown stronger: those communities that are digitally excluded are in more of 573/671 a minority than ever before, and are also much more keenly aware of what they are missing due to the proximity of their digitally connected neighbours. As one stakeholder put it:
Through the [fibre] rollout certain parts of our community now have superfast broadband but the problem with that system, although it's welcome, is you're actually increasing the inequality gap. In [community X] you can be connected up to seriously good broadband but five miles down the road or on the island of [community Y] you're on dialup. So by investing in that superfast technology you're increasing the gap.
There was a sense among some participants that the impact of the broadband gap is also increasing with the passing of time, and that this has particular consequences for children and young people who have grown up in areas where digital connectivity is not on a par with the rest of the country, since they do not have the habits or capabilities, and have not experienced the digital "way of life" that is commonplace among their peers. One island community representative expressed concern that, "As they get older and as our digital world develops, they're going to become more and more disadvantaged compared to their counterparts on the mainland. The school is great, they teach them how to use a computer, but it won't be as embedded". Indeed, the digital inequalities between neighbouring communities resulting from the recently expanded fibre network were felt so strongly by some stakeholders that they questioned whether an "outside in" approach to superfast rollout (from the most remote areas to the more central) might have been preferable, in order to prioritise the most vulnerable communities, or whether investing in the rollout of a minimum speed everywhere, rather than superfast in some places first, might have reduced the differential effects of the current situation and the impacts of this for residents and businesses.
Ironically, the Sparsely Populated Area of Scotland that our analysis has shown to be less digitally connected than urban and rural areas was felt to have the most to gain from superfast connectivity, with one community representative commenting that, "The people who this digital world can benefit the most are the people who are not getting it". In terms of running a business or being self-employed in the SPA, high-speed connectivity is essential to communicating with clients, colleagues and partners such that operating from a remote or peripheral geographical location is not a factor in the competitiveness of the business. This was felt by participants to apply to all businesses and not just those involved in digital content.
Stakeholders and community representatives also articulated a concern that opportunities are being lost to SPA residents and businesses through a lack of digital connectivity in terms of the provision of services. Service delivery to the SPA generally has a higher cost per head of population than more densely populated areas, even in rural areas outwith towns and cities. The per-pupil cost of a teacher in a school with a small roll, for example, is much higher than that of a larger school in a city. Current public sector budget cuts put additional strain on providing services to sparse populations, as the monetary savings to be made by reducing services can be substantial, and indeed the SPA has seen the closure in recent years of many banks, post offices, schools and health services (Wilson and Copus, 2018b) . For some services, recent digital innovations mean that they can be delivered online, saving many of the costs associated with geographical distance and population sparsity, and providing a viable and sometimes enhanced alternative to their offline forms. Indeed, many of these innovations are emerging from rural areas, where the benefits are clear. For example, Comhairle nan Eilean Siar (Western Isles Council) have developed a platform called e-Sgoil (Electronic School) to deliver secondary education across a digital network with a view to improving the range of subjects on offer to pupils living in parts of Scotland where subject choices are constrained by the availability of teachersthis applies in particular to the SPA (Comhairle nan Eilean Siar, 2016). In healthcare, NHS Highland have launched an "NHS Near Me" Web app that allows patients to attend hospital consultations from their own homes through video calls using their computer or mobile phone; the service was introduced specifically to enable people living far from hospitals to attend appointments with doctors and other health care professionals without having to travel great distances (NHS Highland, 2018). However, as we know, in many parts of the SPA, where these services would arguably be valued most, it is not possible to enjoy their full potential because, as we have seen, superfast broadband is not yet available. Access to superfast connectivity is therefore increasingly key to accessing a host of other services. A lack 574/671 of digital connectivity in parts of the SPA where physical access to the same set of services is already limited therefore has profound implications for residents and businesses, again deepening the effects of the digital divide.
The growing importance of high-speed broadband and its widespread implications for business functionality and participation in everyday life were recognised by stakeholders and community leaders, several of whom made explicit links between digital connectivity and net migration. One stakeholder noted that parts of their region where connectivity was strong had seen an increase in the population, describing it as a pull factor: "Why have some places been growing? People are drawn to the ability to work from home, become self-employed where there is internet connectivity, people in their 50s, early 60s working more flexibly". Conversely, other participants felt that the lack of broadband in their area deterred potential migrants who might want to live and work in a rural area, instead pushing them towards nearby places that do have broadband. One community leader spoke of recent cases in her area where this had happened: "We have families who have want to move into the area and had hoped to work from home and it's just not been possible for them because of the internet connectivity. [...] They might have moved to other areas […] but they haven't moved [here]". With the population of the SPA projected to decline steeply in the next thirty years (Copus, 2018) , it will be important to ensure that digital inequalities are addressed as quickly as possible and that the R100 challenge is fully met.
Discussion
The paper has identified a substantial decrease in the number of superfast "not spots" in Scotland, from 654 in 2015 to 52 in 2018. This represents a significant step towards the Scottish Government's goal of reaching 100% of premises by the end of 2021, bringing the benefits of digital connectivity to residents and businesses across the country.
Our analysis found that, while the border between digital hot spots and not spots was onceand for a long timeloosely drawn along urban-rural boundaries, it has now shifted decisively towards the country's most sparsely populated areas, particularly those outwith small towns. Progress towards superfast coverage for not spots has been most rapid in cities and urban areas, then small towns, then rural areas outwith the SPA, with least movement in the rural SPA itself. These results reflect that access to superfast broadband is improving most quickly in places that were already, or are now, within reach of the fibre backbone. While progress across Scotland as a whole has been quick, many of the remaining areas with no coverage sit outside towns and cities and appear to be at or beyond the periphery of the fibre network.
With respect to the implications of these changes, it should first be noted that parts of the SPA have seen an improvement in coverage over the past four years, particularly in some small towns in which a proportion or even all premises have access to fibre broadband. This has benefits for residents and businesses in these areas, in that they are now able to participate fully in aspects of the network society, whether personal or professional, effectively overcoming some of the barriers presented by their sparsity and remoteness. At a community level, access to digital tools and services brings potential for economic and demographic growth and diversification, attracting more people to live and work there. The fact that 'notspots' in small town settlements in sparsely populated areas showed considerable improvement is likely to reflect the larger population (and market) compared with rural areas, and potentially demographic characteristics which favour higher demand for broadband (Grubesic, 2006 (discussing urban areas)). However, the drivers of increases in fast broadband availability in sparsely populated localities could be diverse, and include factors other than geographical remoteness and settlement size. The delivery of community broadband schemes has been seen to depend on multiple forms of capital, such as appropriate skills, leadership and networking, and financial resources . Additionally, locations in the USA with superior broadband coverage to their surroundings (or 'islands of availability') were distributed evenly across large and smaller urban areas and rural regions (Grubesic, 2006) . Although assessing the reasons for improvement in Scotland's 2015 'notspots' is beyond the scope of this paper, the methodology outlined creates new information and indicators which a) enables notspot locations to be pinpointed and b) identify rates of improvement in broadband 575/671 quality (and spatial variations in these). This information could be used for designing further indepth case study research in this area, and (assuming that high quality, fine-grained broadband coverage data is available) could be replicated in other countries.
However, in many parts of the SPA progress has been slower than elsewhere in Scotland. These places are experiencing the same digital exclusion that they have been facing for some time, but in this paper we argue that the effects of their exclusion have intensified due to: 1) the increasing embeddedness of digital skills, behaviours and habits among the general population of Scotland, over the passage of time; 2) ongoing technological developments, for example in areas of service delivery, in which these communities cannot participate; 3) proximity to rural communities that do now have good access to superfast broadband, making those communities that are still without coverage very aware of the advantages they do not have; and 4) the increasing minority status of not-spot communities contributing to a sense of being "left behind" and of subsequent disempowerment.
The identified poor improvement in access to superfast broadband in sparse, rural areas poses a question of whether additional policy responses (beyond 'R100') are required, and if so, what form these should take. Scotland is a highly urbanised country with geographically large sparsely populated areas. In these cases, 'spatially blind' regional development policy responses would promote freer out-migration to economic centres (World Bank, 2009), with other areas theoretically benefitting through increased access to the opportunities promoted by economic agglomeration and improved services (Varga, 2017) . However, putting aside evidence that most large cities in the UK are less productive than the country's average (Beatty and Fothergill, 2019) , and the negative economic and social consequences of ignoring disadvantaged regions (Rodríguez-Pose, 2018), it is clear that migration to wealthier areas is not an option open to all people. In the UK, the rate of migration to different regions for jobs has broadly fallen from 2001 onwards: even among demographics perceived as particularly mobile (Clarke, 2017) ; a broader review suggests a fall in regional migration by the lower skilled (Iammarino et al., 2017) . Furthermore, it would be undesirable to increase the speed of rural depopulation in sparsely populated Scotland (Copus, 2018) , an issue which is representative of rural trends in Europe (see ESPON EGTC, 2017) . The advantages and disadvantages of population decline are debated, as some environmentalists support theoretical increases in quality of life, while negative economic impacts of lower tax incomes threatening public services and reduction in human capital are emphasised by others (van Dalen and Henkens, 2011); reduced agricultural activity in upland areas of Europe typically leads to environmental degradation (MacDonald et al., 2000) . Taking a normative position that rural population loss is undesirable, investments in improved broadband connectivity in remote rural areas could form part of an appropriate place-based strategy (see: McCann and Rodríguez-Pose, 2011; Barca et al., 2012 ) based on the regional need identified in this paper. As this analysis shows that the established rural-urban divide has been realigned based on population sparsity, placebased interventions require fresh and creative approaches which move beyond policies which only consider rural connectivity more generally. The detailed spatial analysis within this paper, focusing on change over time and variations in improvement rates among 'notspots', can support spatial targeting, and further geographical research into notspots to learn more about their characteristics could also improve the quality of policy design. The latter should draw on other approaches from relevant studies: a recent analysis in Japan created a four-fold typology of technology use at the regional level, generating policy recommendations for each of these classifications (Nishida et al., 2014 ). An earlier study used small area-level data to define a 'broadband periphery' and 'islands of inequity' within the USA: regions with poor broadband access, but different degrees of local-level concentration or clustering of this characteristic, and comparisons with the 'broadband core' and 'islands of availability' (Grubesic, 2006) .
The Scottish Government's stated aim of promoting broadband investment in remote rural areas before others (Scottish Government, 2017b: see Chapter 4) appears to be representative of the 'appropriate place-based strategy' noted above. It should be noted that non-fixed connections are likely to be needed: these are less desirable than fixed connections (Audit Scotland, 2018). Although the Government will rightly be criticised if it misses its 2021 deadline for full superfast broadband access (as is likely: Audit Scotland, 2018), they are not alone in 576/671 this. The 'Europe 2020' goals include full superfast access by 2020, but most EU countries will not achieve this, with rural areas in particular falling short (European Court of Auditors, 2018). The lower likelihood of private investment in rural areas and evidence of inadequate public funding (Ibid: p7) shows close agreement with a reflection on broadband availability in the USA, that "…suggests that private firms can have difficulty in adequately providing public goods, such as communications infrastructure, in a spatially balanced manner" (Grubesic, 2006: 445) . Logically, it is unlikely that full access to fast broadband will occur in Scotland, and elsewhere, without a significant increase in public investment. The Universal Service Obligation in the UK has established a legal right to request up to £3,400 for a "decent" connection (although below superfast speed) from March 2020 onwards (Hutton, 2019) . The effect of this policy on not spots should be monitored.
The end point of our analysis (September 2018) is part-way along the journey towards the Scottish Government's goal of reaching 100% of premises by December 2021, and so we expect the boundary between hot spots and not spots to continue to shift, albeit reaching the final few will require more innovative technological solutions to supply superfast speeds to people and places that the fibre network cannot reach. Although the digital divide is fluid, it is nonetheless important to consider the ongoing impact of a longstanding lack of connectivity on local residents and businesses, both in terms of what they can accomplish practically, and in their sense of confidence in their community as a vibrant place to live and work. The stakeholders and community leaders we spoke to emphasised the impact on young people, in particular, in terms of their development of the digital skills and behaviours needed to thrive socially and economically as adults. Additionally, it is important to be aware of the new inequalities that are emerging between rural places as a result of the changing digital landscape, and of how this impacts the SPA in particular.
Our findings have implications for the wider context of our work on population change in sparsely populated areas, and the requirement to achieve a net migration of approximately +1,000 persons per year over the next thirty years to stabilise the SPA population (Copus, 2018) . Digital connectivity is a key factor in retaining and attracting people of working age, enabling them to run businesses and work flexibly, and a prerequisite for the provision of many service innovations, with potential for public sector cost savings in a time of austerity. Continued rapid rollout of superfast broadband to remaining places with no or low coveragewith attention to the stability of connections, costs for consumers and future-proofing of the technologyis therefore vital to ensure that these most fragile of areas can finally take advantage of the technologies designed to overcome challenges of sparsity and play an equal part in the digitally networked structure that is the fabric of contemporary society.
Final reflections
Our findings from this analysis of progress in Scotland have implications for other European countries seeking to extend coverage of superfast broadband to their hardest-to-reach areas.
First, we have found it valuable to consider the challenges of digital coverage in terms of population sparsity, which presents particular logistical difficulties and high costs for delivering many services, including digital. Adopting the framework of the Sparsely Populated Area has thrown the effects of sparsity into sharp relief, revealing differences and inequalities across geographies that more traditional urban-rural classifications may mask. This has enabled us to look beyond the narrative of the urban-rural digital divide to focus on what has been happening in these most challenging of areas and the implications of recent technological change. The shift from a broad focus on rurality to the specific effects of sparsity adds considerable insight to publicly available data and could be adopted at similar scales throughout Europe.
Second, the approach taken to rolling out the fibre network across Scotland, under various Scottish Government programmes, has resulted in the quick spread of digital connectivity. However this has, at least in the short term, left out some of the country's most fragile communities, resulting in some new and some intensified inequalities between areas where neighbouring digital not spots have now become digital hot spots. It is easy to de-emphasise the negative impacts of these changes by focusing instead on areas of progress, or by 577/671 disregarding them as temporary or fleeting, but our qualitative interviews have highlighted the importance of paying attention to the inequalities that new digital divisions can introduce and the intensity and longevity with which they can be felt. Indeed, it may be possible to manage rollout such that the risk of introducing new inequalities is minimised, for example following a region-by-region approach rather than being led by extensions to the technological infrastructure.
Third, in the race to increase coverage it is easy to forget that digital connectivity is not an end in itself but a means of achieving a range of everyday goals, such as accessing services, running businesses and maintaining social connections. It is therefore at least part of the solution to many other challenges facing sparsely populated areas and key to addressing demographic decline. As Warren (2007) notes, and as also emerges from our findings, digital exclusion has far-reaching consequences, just as the advantages of digital inclusion infuse many other areas of life. Particularly where the technology is of equivalent speed and quality to that available in the rest of the country, this can enable communities to retain existing residents and attract new ones, including young and economically active people. Investment in robust and future-proofed digital technology is, therefore, an investment in an infrastructure that could underpin many other improvements.
Finally, future analysis would benefit from the inclusion of data on mobile networks, which often form part of the solution for providing digital technology to premises in remote places. Although mobile broadband data has been published by Ofcom, this is only available for relatively large geographical areas (local authorities and constituencies) and therefore cannot be accurately matched to the postcode-level fixed broadband data. At the time of writing, more detailed datasets are not freely available, and the analysis presented here is driven by the availability of official, reusable high resolution data.
